Determination of Procalcitonin Levels in

Introduction
Hantaviruses are enveloped RNA viruses of the family of the Bunyaviridae and pathogenic hantaviruses have rodents as their natural reservoir [1] . They can cause hemorrhagic fever with renal syndrome (HFRS) especially in Asia and Europe, and hantavirus cardiopulmonary syndrome has been described in the Americas [2] [3] [4] [5] . Actually there is still a debate about differences between HFRS and HCPS hantavirus syndromes. Therefore, hantavirus disease should be used for all hantavirus related described symptoms [6] [7] [8] . Nephropathia epidemica (NE) is generally considered to be a milder form of HFRS caused by infection with the Puumala virus (PUUV), the main hantavirus species in Central and Northern Europe. NE is characterized by acute kidney injury (AKI) with thrombocytopenia [9] . Additionally, signs and symptoms of systemic inflammation with fever, leukocytosis, and elevated C-reactive protein (CRP) levels are a common finding in patients with acute hantavirus infection [10] [11] [12] [13] [14] . Interleukin-10 and tumor necrosis factor (TNF)-alpha are both increased in patients with a severe course of PUUV and Dobrava infection. In addition, Koivula et al. have shown that there is a strong correlation between FOXP3 + regulatory T cells and disease severity in patients with PUUV infection [15] .
The severity of PUUV infection varies from subclinical disease to rare fatalities [16, 17] . It is therefore important to identify parameters that allow individual risk stratification at the time of diagnosis. Several studies have sought to identify risk factors for a severe course of the disease, but most variables investigated are not easily measured in everyday clinical practice [11, 14, 18] . Therefore, a more practical approach is needed. One could argue that elevated procalcitonin (PCT) levels represent more pronounced systemic inflammation, which might be associated with a more severe disease course. On the other hand, PCT levels might not be an ideal marker in viral disease as their strength is in the early diagnosis of bacterial sepsis.
Very recently Goeijenbier et al. [19] reported in a Dutch cohort of patients, with specific clinical indications for leptospirosis diagnostics, the presence of undiagnosed hantavirus cases, because acute leptospirosis and acute hantavirus infection share many clinical manifestations and certain epidemiological features. The availability of an easy accessible biomarker for the accurate diagnosis of NE would decrease the number of patients with acute hantavirus infection being misdiagnosed or missed.
The aim of the present study was to investigate the role of PCT in patients with NE and to test the hypothesis that elevated PCT levels might be associated with a worse disease course.
Subjects and Methods
Study Population
Since 2001, German laboratories have been legally obliged ( § 7 of the German Law on the Prevention and Control of Infectious Diseases) to report confirmed cases of HFRS to the local health authorities. All HFRS cases are then reported to the Robert Koch Institute in Berlin, the central federal institution responsible for disease control and prevention.
A total of 7,476 patients with serologically and clinically confirmed NE were reported to the Robert Koch Institute from 2001 to 2012 (Robert Koch Institute, Survstat, www3.rki.de/SurvStat). In cooperation with four selected local health authorities in southern Germany (Stuttgart, Boeblingen/Sindelfingen, Esslingen, and Reutlingen), we contacted 1,570 of these patients by post and asked them to attend an outpatient clinic between September 2012 and April 2013 for a follow-up examination. Overall, 456 of these patients are included in the current study.
Three patients were excluded for being younger than 18 years old at the time of NE. All patients gave written consent before participating in the study, which was approved by the ethics committee of the Ethics Commission of the State Chamber of Medicine in Baden-Wuerttemberg (Stuttgart). This study was conducted in accordance with the Declaration of Helsinki. Published online: January 31, 2015
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Clinical Data Collection
Clinical and laboratory data during the acute course of the disease were obtained from medical reports and files. AKI was classified on the basis of the RIFLE criteria [20] : mild/moderate AKI was defined as no AKI and AKI risk (R); severe AKI was classified as RIFLE injury (I) and RIFLE failure (F). Oliguria was classified as a temporary loss of kidney function and refers to a 24-h urine output of <500 ml. Anuria was classified as a 24-h urine output of <50 ml.
Patients with PCT levels ≥0.5 ng/ml (normal range <0.5 ng/ml) were classified as PCT positive, while those with PCT levels <0.5 ng/ml were classified as PCT negative. PCT levels were not measured routinely in our study population, but rather at the treating physician's discretion (certainly due to suspected bacterial infection).
Statistical Analysis
All continuous variables were tested for normal distribution using the Kolmogorov-Smirnov test and are presented as means ± standard deviations. The median with interquartile range is reported where the distribution was not normal. Nonparametric tests (Fisher's exact test, Mann-Whitney U test) were used for statistical analysis.
Nonparametric Spearman correlation was used to analyze simple linear relationships between different variables. All p values are two-sided, with significance set at p<0.05. All statistical analyses were performed using GraphPad statistical software (San Diego, CA, USA).
Results
PCT levels at the time of diagnosis were available for 43 of the 456 NE patients (9%). The baseline characteristics of the study population are shown in Table 1 . A total of 23 of the 43 patients (53%) had elevated PCT levels (≥0.5 ng/ml) at time of admission to hospital or first contact with general practitioner/nephrologist, with a median level of 1.1 ng/ml (0.8-3.1 ng/ml). Overall, 98% of the investigated patients had elevated CRP levels, and leukocytosis was found in 23% of patients. Median CRP levels (normal range <0.5 mg/dl) at hospital admission were 6.1 mg/dl (4.0-9.2 mg/dl) in the PCT-positive group and 3.4 mg/dl (2.2-6.7 mg/dl) in the PCT-negative group (p<0.05). In addition, CRP peak levels during hospitalization were higher in the PCT-positive group (p<0.05). The leukocyte count, however, did not differ between the two groups at either the time of hospital admission or during the hospital stay.
Patients with elevated PCT levels were significantly older than PCT-negative patients (p<0.05). Time from symptom onset associated with acute hantavirus infection to hospitalization or first contact with general practitioner/nephrologist was not statistically different between the PCT-negative and PCT-positive group (p=0.4). Furthermore, the duration of hospital stay was longer in the PCT-positive group, without reaching statistical significance (p=0.46). A total of 17 out of 23 patients in the PCT-positive group and 19 out of 20 patients in the PCT-negative group developed AKI based on RIFLE criteria (p=0.1). Severe AKI (RIFLE I and F) was present in 70% of patients in the PCT-positive group and 75% in the PCT-negative group (p=0.7). Serum creatinine at time of admission or first contact with general practitioner/nephrologist and creatinine peak levels did not differ significantly between the two groups (p=0.8 and p=0.9, respectively). No statistically significant correlation between PCT and serum creatinine levels could be detected (Figure 1 ). Severe thrombocytopenia (<60×10 9 /l) was present in similar proportions of patients in the PCTpositive and -negative groups.
In total, 19 out of 43 patients were treated with anti-infective agents. Antibiotic treatment was significantly more common in the PCT-positive group (14 vs. five patients, p<0.05). The classes of antibiotics used during acute NE are shown in Figure 2 . Within the PCT-positive group, PCT levels did not differ between patients who did and did not receive antibiotics (p=0.13). In addition, neither the duration of hospital stay, nor CRP peak levels were lower in those treated with antibiotics (p=0.12 and p=0.13, respectively). All blood and urine cultures were negative during acute NE.
We compared baseline characteristics (e.g. symptoms, laboratory findings, age, creatinine, CRP levels at hospital admission) during the acute course of the disease between patients in whom PCT was tested (n=43) and those in whom PCT was not determined (n=413). No statistically significant differences were observed between the groups except lower thrombocyte count at time of admission to hospital or first contact with general practitioner/nephrologist (p< 0.05) and longer duration of hospital stay (p<0.05) in the group of patients in whom PCT was tested (table 2). 
Discussion
The role of PCT as a predictive marker for a severe course of NE has not previously been investigated in a cohort of patients with acute PUUV infection. In our study, 53% of patients had elevated PCT levels at the time of hospital admission. Neither the rate of AKI nor the severity of AKI differed between the Fig. 1 . Spearman correlation between procalcitonin (PCT) and peak creatinine levels in patients with acute nephropathia epidemica. PCT-positive and PCT-negative groups. CRP levels were elevated in almost all patients in both groups (although CRP levels were significantly higher in the PCT-positive group) and both groups had similar median leukocyte counts during the acute course of the disease. In our cohort of patients, PCT was measured at the physician's discretion (certainly due to suspected bacterial infection), which might be a selection bias in our study population. At time of admission to hospital or first contact with general practitioner/nephrologist thrombocytes were lower in the group of patients in whom PCT was tested, whereas CRP levels and severity of AKI was not different between both groups. It could be hypothesized that the low thrombocyte count might lead the physicians to test for PCT in this cohort of patients to exclude e.g. sepsis or leptospirosis.
Recently, Jereb et al. [21] investigated inflammatory markers (CRP, leukocyte count, and procalcitonin) in a retrospective cohort of 29 hantavirus patients (only 16 patients with PUUV infection and 13 patients with Dobrava virus infection) and in patients with sepsis and tick-borne encephalitis. This study confirmed an association of elevated procalcitonin with bacterial infection. However, an increased procalcitonin serum level was also found in patients with hantavirus infections, with overlapping results between viral and severe bacterial infections. In contrast to our study, the study by Jereb et al. included only 16 patients with PUUV, and disease severity (e.g. severity of AKI, severe thrombocytopenia) was not investigated with respect to elevated or normal PCT levels. Furthermore, the use of antibiotics was not reported in the Jereb et al. study.
The severity of PUUV infection varies from subclinical disease, where patients can be treated as outpatients by a general practitioner or nephrologist, to severe infection, where patients exhibit electrolyte and fluid balance disturbances due to AKI, require transient renal replacement therapy and might present hemorrhage e.g. pituitary gland or within the gastrointestinal tract or pulmonary involvement. Several studies have sought to identify risk factors for severe disease at the time of diagnosis, but many of the variables investigated are not easily established in everyday clinical practice [11, 14, 18] . In this study, we investigated whether the routine parameter of PCT might be a useful predictive marker for a severe course of NE. Furthermore, we correlated PCT levels with CRP levels and leukocyte count to elucidate the roles of these three common inflammatory markers in NE.
Leukocyte count, but not CRP levels, during acute NE has been shown to be associated with a severe course of the disease [14] . PCT is an established marker in the differential diagnosis of infection and inflammation, and increases within 4-6 h after the initiation of bacterial infection [22] [23] [24] . Furthermore, two meta-analyses have shown that PCT is superior to CRP in the differential diagnosis of viral and bacterial infections [25, 26] . PCT is not only induced by bacterial lipopolysaccharide but also by other mediators such as TNF [27] , and TNF has been shown to be increased in patients with a severe course of PUUV infection [28] . Furthermore, it has been reported that age and sex can influence PCT levels in healthy individuals [29, 30] .
In our study population, PCT analysis was performed to distinguish bacterial from viral infection in patients with AKI, thrombocytopenia, and systemic inflammation [differential diagnoses include leptospirosis (e.g. Weil's disease, Stuttgart disease), sepsis, autoimmune Table 2 . Baseline characteristics of study population in whom PCT levels were tested or not tested disease, and thrombotic microangiopathy]. Therefore, PUUV infection should be considered even in older patients presenting with elevated PCT levels PCT has been advocated as a superior marker for early bacterial sepsis [25] , and has also been evaluated as a guide for antibiotic treatment in patients with pneumonia [31] . Thus, PCT appears to reflect bacterial disease more specifically than viral disease. PCT can also be mildly increased in viral disease per se. It is worth noting that we could not exclude bacterial coinfection or sepsis in our patients with acute NE, but both blood and urine cultures were negative in all patients. A high proportion of patients in our study population received antibiotics during acute NE, and antibiotics were more frequently used in the PCT-positive compared with the PCT-negative group. Remarkably, within the PCT-positive group, the duration of hospital stay, peak CRP levels, and PCT levels were similar among those treated and not treated with antibiotics. Whether elevated PCT levels might lead to unnecessary antibiotic treatment in a proportion of patients with acute hantavirus infection has to tested in a larger cohort of patients.
This study has several limitations. First, we performed a retrospective study of medical case reports, with all known associated limitations. In addition, the study design may have resulted in selection bias, with a greater number of patients with severe NE included (approximately one third of NE occurs with typical clinical signs, resulting in a high underreporting especially in younger patients with a mild course of the disease). As mentioned previously in the discussion section, thrombocytes were lower in the group of patients in whom PCT was tested, which might lead to a selection bias.
Furthermore, patients in the PCT-positive group were older than those in the PCTnegative group; and bacterial coinfection could not be definitely excluded in our study population. Further prospective studies including larger cohorts of patients are warranted to, for example, investigate the role of elevated PCT levels with respect to the disease course and investigate "new" biomarkers, such as TNF-related apoptosis-inducing ligand (TRAIL), to differentiate NE from bacterial infection. This would be very helpful for clinicians in everyday clinical practice. Whether elevated PCT levels at the time of diagnosis were related to disease management in a cohort of patients has to be investigated in a prospective cohort study.
Conclusion
Elevated PCT levels are common in patients with acute NE. There was no association between PCT levels and disease severity, including major findings such as AKI or thrombocytopenia. The separation of PUUV infection from other causes of AKI with thrombocytopenia is important. However, PCT might not be useful in differentiating NE from bacterial infection.
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